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INTRODUCTORY NOTE 
In June, 1920, the American Fertilizer Association arranged with 
the Agricultural Experiment Station at Wooster, Ohio, for a ''Fer-
tility School" and invited contributions touching on all phases of 
soil treatment. 
The following address was delivered by Dr. Robert Stewart, 
Chief in Soil Fertility. Dr. Stewart makes clear the fact that the 
basis of the Illinois System of Permanent Agriculture is the addi-
tion to the land of somewhat larger amounts of fertility than are 
removed by cropping and by natural causes; and the recognition 
of the economic necessity of employing for this purpose the cheapest 
available materials, attention being confined for the most part to the 
limiting element in the particular soil in question. 
E. DAVENPORT, 
Director. 
THE ILLINOIS SYSTEM OF PERMAN.ENT 
SOIL FERTILITY AS DEVELOPED 
· BY CYRIL G. HOPKINS 
BY ROBERT STEWART, CHIEF IN SOIL FERTILITY1 
Sixty years ago Liebig, the great agricultural chemist, made ~he 
following statement: ''Agriculture is, of all industrial pursuits, the 
richest in facts, and the poorest in their comprehension. Facts are 
like grains of sand which are moved by the wind, but principles are 
these same grains cemented into rocks.'' The great contribution 
made by the late Dr. Cyril G. Hopkins was the gathering together, . 
studying, interpreting, classifying, and unifying of the known facts 
of agriculture, into a definite whole as practiced and taught b,Y 
him in the ''Illinois System of Permanent Soil Fertility.'' 
Many of the facts upon which the Illinois System is based have 
been known for years and even centuries, and have been developed 
by other men and other institutions and in other times. It remained, 
however, for Doctor Hopkins to bring together and to unify these 
isolated facts into a definite workable system and by his own in-
vestigfl,tions to demonstrate clearly that the system could be under-
stood and used by the average farmer on his own fields with very 
profitable and satisfactory results. In his interpretation of the facts 
upon which the system is based all men have not agreed, and some 
even still do not agree with him. But the system rests on the sure 
foundation of facts supported by an abundance of experimental 
data now available from the fields and laboratories operated under 
his direction. 
THE FACTORS OF CROP PRODUCTION 
The Illinois system of permanent soil fertility recognizes six 
positive factors of crop production. These factors may be desig-
nated briefly, as: (1) seed, (2) moisture, (3) light, ( 4) heat, (5) 
home for the plant, and (6) food for its use. No one factor of crop · 
production is any more essential than any. other, but it is clearly 
realized that certain f;:wtors are more often the limiting ones in 
production, and furthermore that some factors are more easily 
brought under the control of the farmer. There are of course cer-
tain negative factors, such as insect pests, plant diseases, etc., which 
at times materially limit the production of crops and which must 
1 Doctor Stewart is now Dean of the College of Agriculture, University of 
Nevada, at Reno, Nevada. 
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be considered after attention has been given to the removal of the 
limitations having to do with the. positive factors of crop production. 
The system recognizes the importance and absolute necessity of 
good seed. Good seed is influenced by variety, vitality, selection, 
and breeding. The effectiveness of selection and breeding as a 
means of improving crops is well illustrated by the well-known ex-
periments in the selection of high- and low-protein and high- and 
low-oil seed corn carried on by the Illinois Experiment Station. 
Moisture is a factor of crop production which is often the limit-
ing one, and in certain areas, as in a semiarid region, may be largely 
controlled by irrigation or by dry farming. In humid areas, how-
ever, this factor cannot be economically controlled to any great 
extent, altho the farmer has at his command a few operations which 
may assist somewhat during a period of temporary drouth. A soil 
which is well supplied with organic matter and kept free from weeds 
will resist the effect of drouth better than one not so well supplied. 
This is w.ell illustrated by the data from the Broadbalk field at 
Rothamsted, England. The fifty-five-year average yield of wheat 
from Plot 2, receiving farm manure, is 35.5 bushels; while that of 
Plot 8, re~eiving minerals and nitrogen, is 37.1 bushels. In the yf'ar 
1893, however, which was an extremely dry year, the yield of wheat 
from Plot 2 was 34.3 bushels, while the yield from Plot 8 was only 
2i.8 bushels. The effect of the lack of moisture in a humid area 
may be partially overcome by a soil well supplied with organic matter 
and free from weeds. 
The light factor is very important but is largely beyond the con-
trol of the farmer. Wheat or oats which are grown as a nurse crop 
may be planted in rows running north and south in order that the 
young crop of clover, beans, cowpeas, or alfalfa may receive the 
full benefit of the sun's rays during mid-day, when they are strong-
est. Fortunately, the light falling on an acre of ground is more 
than sufficient for the maximum production of crops; and this factor 
probably never limits the yields of crops. 
The heat factor likewise is largely beyond the . control of the 
farme~, altho a few things may be done to modify in a very minor 
degree the effect of this factor. A well-drained soi~ well supplied 
· with organic matter is a few degrees warmer than a soil not well' 
drained or supplied with organic matter; and farm crops must 
always be grown in the time of year when the temperature condi-
tions are favorable. 
It is essential to recognize that the soil is the home of the plant 
in which Its roots find a foothold and in which it obtains a certain 
portion of its food. As with the home of man so with the home of 
the plant, it must be kept in a sanitary condition and well supplied 
with food so that normal development may take place. The home 
of the plant must be kept rerated by cultivation, and it must be kept 
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p~l'ous and friable by being well supplied with organic matter and 
limestone. There are certain limits, -however, beyond which the phy-
sical conditions of the soil cannot be economically changed. A 
sandy soil must remain sand and a clay soil niust remain heavy and 
eompact, but certain treatment can be made to modify these con-
ditions in a limited degree. Soil which is water-logged must be 
drained, and soil which is acid must be treated with limestone in 
order to neutralize the acidity. In this manner the soil as the home 
of the plant may be materially modified. · 
THE ELEMENTS OF PLANT FOOD 
It is important that the plant be well supplied with food for 
maximum development. Frequently even a slight deficiency of 
plant food is the limiting factor of crop production. Moreover, the 
plant-food content of the soil is largely within the control of the 
farmer, and the supply of plant food in the soil may be completely 
changed by economic soil treatment. 
There are ten essential elements of plant food: i.e., there are 
ten chemical elements out of which and by means of which the plant 
constructs its material. These elements are carbon, hydrogen, oxy-
gen, phosphorus, potassium, nitrogen, sulfur, calcium, iron, and 
magnesium; the chemical symbols of which are- · 
C. HOPK'NS, Ca, Fe, Mg 
-which was the key given by Doctor Hopkins to his students · as 
an aid in remembering them. 
The great bulk of the plant-approximately 95 percent-con-
sists of three elements, carbon, oxygen, and hydrogen. The carbon 
and oxygen are obtained by the plant directly from the atmosphere, 
while the hydrogen is obtained from the moistuFe. The supply of 
these elements is thus automatically taken care of by nature. 
Iron is used by plants in extremely minute quantities in the 
production of chlorophyll, and as it occurs in the soil in large 
quantities it is safe to say that its supply wilf never become ex-
hausted. There are only two instances known to the writer of 
iron having ever been added to the soil with economic results. 
The plant demands for sulfur are rather large and the supply 
in the soil is comparatively small. Sulfur occurs in the soil both 
as organic and inorganic sulfur. The organic sulfur is slowly con-
verted into inorganic sulfur by natural bacterial processes. Inor-
ganic sulfur is 'soluble in water, and hence is readily lost from the 
·soil. Fortunately, however, sulfur is added to the soil by rainfall 
in amounts sufficient not only to meet the needs of plants but also 
to offset the loss by drainage water. D~finite experimental data 
covering a period of seven years, obtaine-d at the University of 
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Illinois, show that 40 pounds of sulfur per acre are annually brought 
to the soil in the rainfall. 
There remain, then, five elements of plant food-calcium, mag-
nesium, potassium, phosphorus, and nitrogen-which must receive 
special attention in the construction of a system of permanent soil 
fertility. These elements are present in the soil in variable 
amounts, and a deficiency in one of them is often the cause of lim-
ited production . . The elimination of this deficiency by the economic 
addition of some material containing the · particular element in a 
form which the plant can use, is the basis of the Illinois system. 
Such . a deficiency can best be made up by adding to the · soil the 
deficient element in the same natural form in which it occurs in 
the ~oil and which the production of crops for countless ages has 
clearly demonstrated can be used by the plant. 
FIG. 1.-EFFECT OF ABSENCE OF VARIOUS ELEMENTS OF FERTILITY 
The crop is growing in pure sand to which has been added the various 
combinations of plant food, with one element omitted in each case, as indi-
cated by the letters on the pots. N = nitrogen, P = phosphorus, K = potas-
sium, S = sulfur. It is evident that the plants have procured in some manner 
the necessary sulfur, probably from the gases in the air. 
PLANT-FOOD REQUIREMENTS OF FARM CROPS 
How can the plant-food requirements of farm crops be best de-
termined? This is a fundamental question upon which authorities 
do not agree. With respect to carbon, oxygen, and hydrogen,' the 
question is easily answered, since these elements make the actual 
body of the plant and hence must be required in amounts found 
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by chemical analysis to be present in the actual dry matter of the 
crop. But with respect to the other elements the question is not 
quite so clear. Iron does not occur as an essential part of the plant 
structure, yet iron is absolutely necessary for the production of · 
the chlorophyll, or green coloring matter, of the plant. Is the 
amount of iron, for example, found in the plant by analysis actually 
needed or only tolerated 1 
It is. quite evident that the amounts of the various elements 
found by chemical analysis to be present in the plant do represent 
? the amounts actually removed by the plants from the soil, even tho 
~" they may occur in the plant in excess of what is actually needed. 
In a permanent system of soil f ertility, however, the only safe pro-
cedure is to make provision for the return to the soil o;f those essen-
tial elements actually removed by the crop, and at the same time 
to increase the amounts of such elements as are naturally deficient 
in the soil. The mineral plant-food requirements of some common 
farm crops, as thus determined, are as follows : 
MI_NERAL PLANT-FOOD REQUIREMENTS OF SOME COMMON FARM CROPS 
Expressed in pounds 
Assumed Phos-yield phor- Potas- Magne- Cal- Iron Sulfur per sium sium cium 
us 
acre 
Wheat ....... 50 bu. 12 13 4 1.0 .3 5.1 
Wheat straw .. 2Y2 tons 4 45 4 9.5 1.5 5.9 
Corn ... ..... . 100 bu. 17 19 7 1.3 .4 9 .5 
Corn stover ... 3 tons 6 52 10 21.0 4.8 7.6 
Oats .. .. ..... 100 bu. .11 16 4 2.0 .5 6.0 
Oat straw .... 2Y2 tons 5 52 7 15.0 2.8 9 .8 
Clover seed ... 4 bu. 2 3 1 .5 ••• 0 •••• 0. 0 ••• 0. 
Clover hay .... 4 tons 20 120 31 117 .0 4 .0 13 .1 
Total for rotation . .... 77 320 68 168 15.2 57.0 
The foregoing figures represent actual facts which must be care-
fully considered in planning a permanent system of soil fertility. Fur-
thermore, since these elements are obtained by the plant from the 
soil, a knowledge of the soil composition is of fundamental im-
portance in a study of this problem. 
PLANT-FOOD CONTENT OF THE SOIL 
Various chemical methods have been proposed and used for 
analyzing the soil. Many of them are based upon the fantastical 
claims that they determine the ''available'' plant food in the soil. 
The use of such methods based upon such claims has caused chemical 
analysis of soil to be regarded in some quarters with a disrepute 
which is not deserved. 
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A chemical analysis of the soil is made primarily to determine 
the amounts of the various elements in the soil which may be drawn 
upon by the plant, just as a merchant takes an invoice of his stock 
in trade. Whether the plant food is properly used by the plant 
depends upon the farmer and his treatment of the soil, just as it 
depends upon the merchant whether or not his goods are sold or 
remain on the shelves. An accurate invoice of the merchant's goods 
for sale is a necessity for the successful merchant, and so is an in-
voice, or analysis, of the soil necessary for the successful farmer. 
The determination of the total plant food in the soil is therefore 
a prime requisite. 
The chemical analysis of the various soils of Illinois shows that 
the soils vary widely in composition. This variation occurs not 
only among the different types but also with respect to the several 
elements within a given type. The recent results published for 
Qhampaign county will illustrate the variation among types. 
VARIATION IN CHEMICAL COMPOSITION OF DIFFERENT TYPES OF SOIL 
Pounds of element per 2 million pounds of soil 
Soil type Organic Nitro- Phos- Potas- M~gne- Cal- Lime-
carbon gen phorus sium stum cium stone 
Brown silt loam . . 56,160 4,670 1,060 35,430 9,550 10,680 Required 
Black claft loam .. 73,620 6,750 1,780 34,060 14,410 18,330 Present 
Yellow si t loam . . 17,360 1,200 860 35,320 5,500 6,480 Required 
Deep peatl ...... 258,990 24,510 1,370 7,950 6,310 72,180 Present 
1 Results as pounds per one million pounds of soil. 
These results for some of the typical soil types are very signifi-
cant . . It will be noted that the most limited element of plant food 
ill brown silt loam is phosphorus, while the most abundant is potas-
sium. The black clay loam is a much richer soil, in every respect, 
than the brown silt loam; while the yellow silt loam is a much 
poorer soil, being markedly deficient not only in phosphorus but 
also in organic matter and nitrogen. The most striking character-
istic of peat, next to its high content of organic matter, is the small 
amount of potassium. 
The limited supply of some of the essential plant-food elements 
in the soils listed above may be emphasized further by calculating 
the number of years that a supply of the element would be available 
if no means were taken to replenish it. Such calculations have been 
made for the production of a hundred-bushel crop of corn, for the 
grain alone, with the results recorded below: 
. 
Phosphorus Potassium Magnesium Calcium 
years years years years 
Brown silt loam .......... 62 1,865 1,364 8,215 
Black claft loam .......... 105 1,793 2,058 14,100 
Yellow si t loam . .... . .... 51 1,859 786 4,984 
Deep peat . . . .... .. . . .. . . 81 418 901 55,523 
. 
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So far as the inorganic elements of plant food are concerned, 
these data clearly show that phosphorus is the most limited element 
in the soil and should rec~ive attention first. As measured by plant 
requirements, magnesium is often more limited than potassium. In 
the case of peaty soils, however, potassium is markedly limited and 
is undoubtedly the controlling factor in crop production and should 
receive first consideration. 
NECESSITY FOR ORGANIC MATTER AND NITROGEN 
The organic matter of the soil is the depository of the nitrogen 
which occurs in the soil largely as organic nitrogen. The nitrogen 
of the soil also is markedly limited. The brown silt loam of Cham-
paign county contains only 4,670 pounds of nitrogen in the surface 
soil of one acre, while a hundred-bushel corn crop requires, for the 
grain alone, 100 pounds of nitrogen. The nitrogen present in this 
type of soil is therefore sufficient for only forty-six years, and it 
is easy to see that provision must be made to return to the soil the 
amount of nitrogen used. 
The nitrogen problem is the most important practical problem 
confronting the American farmer. Nitrogen is required by crops 
in large quantities, it is readily lost in the drainage water, and it 
is very high priced when purchased on the open market. Every 
bushel of corn produced contains one pound of nitrogen, and nitro-
gen at present sells for thirty cents a pound. It is quite evident 
that the farmer cannot afford to pay a tax of thirty cents per bushel 
on his corn, but must depend on the atmospheric supply to replenish 
the amounts. used by his crops. Fortunately legumes, by aid of the 
symbiotic bacteria, have the power to secure this free atmospheric 
nitrogen and to fix it in a form which can be used not only by 
themselves for their own growth but also by other crops which 
follow in the rotation if proper conditions are provided. 
The proper use of legumes, therefore, is of fundamental im-
portance in any system of permanent soil fertility which may be· 
proposed. The use of legumes for soil improvement is not a mod-
ern conception; their value for this purpose was known by the 
early Roman writers on a·griculture. The early conception was 
based entirely on empirical grounds, however, and it remained for 
modern investigators to explain the manner of their action and to 
outline clearly their place in a definite system of crop production. 
In this latter work the investigations and interpretations of Doctor 
Hopkins have played an important part. 
It is important to realize that all the nitrogen contained in the 
legume is no't obtained from the atmosphere, but that the legume 
gets its nitrogen both from the soil a.nd from the air. The legume 
plays an important part in conserving the soil nitrogen because it 
feeds heavily on the soil nitrogen and thus decreases the amount 
FIG. 2.-GOMPARISON OF LEGUME AND COMMERCIAL NITROGEN 
..... 
0 
The .pots in the group at the left marked LEGM received nitrogen only thru the growth of legumes. To the pots in the 
group at the right marked with an N, nitrogen in commercial form was .applied. The pot at either end received no nitrogen. 
The applications of other plant-food materials are indicated by the let ters: 0 (no treatment), L (limestone), P (phosphorus), 
K (potassium). · t; 
(\ 
(') 
~ 
0" 
-~ 
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lost in the drainag·e water during the fall and early spring and at 
times when the soil would not otherwise be cropped. The propor-
tion of the nitrogen of legumes which is obtained from the soil and 
the proportion obtained from the atmosphere varies with different 
legumes and with soil conditions, but it may be assumed, as a gen-
eral working basis, that the nitrogen contained in the material re-
moved for hay represents the amount of nitrogen obtained by the 
plant from the atmosphere, while that contained in the roots repre-
sents the amount obtained from the soil. The nitrogen of the soil, 
therefore, ·cannot be maintained simply by incorporating a legume 
in the rotation, as is too often assumed. The proper utilization of 
the legume hay produced, and the return of its nitrogen to the soil, 
is a problem of utmost practical importance. 
The use of a legume cover crop in wheat and oats also plays an 
important part in maintaining the nitrogen supply of the soil. This 
idea has been developed to a marked extent by the work of Doctor 
Hopkins and bids fair to solve the nitrogen problem for the American 
farmer. The legume so used is probably of more importance really 
than its occurrence in the regular rotation. Sweet clover is an espe-
cially good crop for this purpose, for it is rich in nitrogen and pro-
duces an abundant growth. It is frequently possible to secure from 
one to two and one-half tons as a cover crop in the wheat to plow 
under for corn. Altho, as just stated, the nitrogen content of sweet 
clover is very high, we may consider only the minimum amount of 
forty pounds per ton of hay and still have sufficient available nitrogen 
to fully meet the requirements of corn. This nitrogen is obtained at 
the cost merely of the seed and the extra labor necessary to sow it. 
That legume nitrogen is very effective in maintaining crop yields 
is clearly demonstrated by the results from the Galesburg, the Union 
Grove, and the Rockford fields, where crop residues and commercial 
nitrogen have been used on the fully treated plots as shown below. 
Field Corn Oats I Soybeans Yield in bushels per acre 
REs iDUEs , LIMESTONE, PHos PHoRus, AND PoTASSIUM 
Galesburg ... ... .. . .. .. : 68 .2 48.7 15.9 
Union Grove . . .. . ... . . : .. 61.2 65 .8 16.8 
Rockford.......... .. .. . . 67 .0 69 .6 17.2 
Average. ........ . . .. . . 65 .5 61.4 16.6 
RESIDUEs , LIMESTONE, PHOSPHORus , PoTASSIUM, AND NITROGEN 
Galesburg .... . .. .. . . . .. ·1 69. 7 51. 5 17 .4 
Union Grove .. ..... . . ... . 59 .7 66.3 17.1 
Rockford .... : .... ...... . 68 .7 70.2 15.5 
Average.. . . . ... . ..... . 66.0 62 .7 16.6 
The results indicate quite clearly that the nitrogen requirements 
of the crops on the fully-treated plots are met by the legume nitro-
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gen in the crop residues, and that the addition of commercial nitro-
gen produces practically no beneficial results. 
Organic matter is not only a factor in the production of nitrogen 
but it is also of especial importance in the liberation of plant food. 
When organic matter undergoes decay in the soil, various acids are 
produced, particularly nitrous and carbonic acids. These acids re-
act on the insoluble materials in the soil and convert them into 
soluble, or available, forms which the plant may readily use. It 
was Doctor. Hopkins who early called attention to the fact that a 
hundred-bushel crop of corn requires in the makeup o{ the grain 
alone 100 pounds of nitrogen in the form of nitrates and that in 
the nitrification of organic matter sufficient nitrous acid is pro-
duced to convert seven times as much phosphorus as is required 
by that same crop of corn, from the insoluble to the soluble 
condition. 
Organic matter, in addition to its importance as a depository 
of nitrogen and as a liberator of plant food, is important for its 
effect on the physical condition of the soil. Unfortunately, it is 
not so easy to secure a measure of this effect because we have no 
convenient yardstick. It is well recognized, however, that soils 
which do not receive additions of fresh organic matter soon be-
come hard, compact, and difficult to work. This is well illustrated 
by the Rothamsted data for those plots to which no organic matter 
has been added for seventy-five years. The Bloomington field in 
Illinoi~ also well illustrates the same condition. Altho this field 
was established only in 1902, the plots which have received no 
organic residues are now very noticeably hard and compact as com-
pared with those receiving such organic matter. 
USE OF FINELY GROUND LIMESTONE 
That a limestone cou.ntry is a rich country is a well-known fact 
amplified by the experiences of the human race from the dawn of 
history. The early civilization of all races has reached its highest 
state when their agriculture has been established on limestone soils. 
The highest civilization of the American Indian was produced by 
the Aztecs and Incas on the limestone plateaus of Mexico and Peru. 
In the earlier civilization of the old world, the same truth prevaiis. 
It was in the Grreco-Syrian archipelago and adjacent coast that tlie 
noted centers of early civilization were developed and .maintained, 
and the last investigations of the late Doctor Hopkins showed clearly 
that this area also is well supplied with limestone. Soils everywhere 
which have become famous for their persistent fertility are lime-
stone soils. 
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Of the soil constituents limestone is unfortunately among those 
most easily lost from the soil by the leaching action of water. Humid 
soils are therefore as a rule markedly deficient in limestone. If 
such soils are to be brought to their highest state of efficiency, lime-
stone must be added, and this is the first principle of the Illinois 
system of permanent soil fertility. 
Humid soils deficient in limestone are called acid soils, and there 
has been much discussion regarding their nature, cause, and mode 
of action on plant life. The two essential facts to keep in mind, 
however, are that such soils are produced by the leaching action 
of water which has r emoved the limestone from the soil; and that 
legumes such as the various clovers and alfalfa, so essential to soil 
improvement, cannot be successfully grown on such soils. Since 
the use of legumes as a source of nitrogen is necessary in the Illi-
nois system of soil fertility, the acidity of the soil must be destroyed 
by the addition of limestone in order to restore the limestone which 
has been removed by leaching and cropping. 
There are two ways of preparing limestone rock for mixing with 
the soil. The limestone may be burnt and the caustic lime so pro-
duced may be broken up to sufficient fineness, or the limestone may 
be finely ground so as to be thoroly mixed with the soil. A ton of 
limestone ground sufficiently fine for this purpose may be purchased 
by the farmer for $2.00. The same ton of limestone when burnt 
loses two-fifths of its weight, but its power to neutralize soil a~~dity 
is neither increased nor decreased. Its cost, however, has increased 
to $4.80. Of course there is less material to be handled in the latter 
case; but in order to treat an eighty-acre farm with two tons of 
ground limestone per acre, 160 tons costing $320 would be required, 
while 96 tons of burnt lime, costing $768, would be required for 
an equivalent application. · The handling of the extra 64 tons of 
finely ground limestone has meant the saving of $448 in the pur-
chase price of the limestone, which is surely good compensation for 
the extra work involved. For economic reasons alone, the finely 
ground limestone is the more desirable form to use. 
A wealth of data is now available from the results o:f the Illi-
nois experiment fields showing the • great benefit derived from the 
use of such finely ground limestone. On the acid soils of southern 
Illinois, particularly favorable results are obtained from its use: 
The yields obtained from two fields, the Ewing and the Enfield, are 
extremely significant, and since they are based upon eight years' 
work and are confirmed by an abundance of data from other fields 
thruout the state, they may be regarded as reliable and very trust-
worthy data regarding the effect of applied limestone on the produc-
tion of such staple crops as corn, oats, and wheat on very acid soils. 
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BENEFIT FROM USE OF ~ROUND LIMESTONE ON AciD SOILS OF SOUTHERN ILLINOIS 
Yields expressed in bushels per acre 
Treatment Corn Oats Wheat Enfield Ewing Enfield Ewing Enfield Ewing 
No treatment .......... . 21.9 14.7 15.2 9.3 6.9 2.4 
Manure alone ..•.••.•. 29.7 26.3 17.4 17.7 7.7 4.0 
Manure, limestone ...... 43.0 40.0 22.8 25 .0 14.7 13 .3 
Increase for limestone .. 13.3 13 .7 4.4 7.3 7.0 9.3 
1\verage increase for 
limestone ........ .. 1 13.5 5 .8 8.1 
These results are based upon two complete rotations, and there-
fore upon the use of 6 tons of limestone per acre for the eight years, 
or 3ti ton per acre per year. The three-fourths of a ton of lime-
stone per acre per year has actually produced a crop increase 
equivalent to either 13.5 bushels of corn, 5.8 bushels of oats, or 8.1 
bushels of wheat. Limestone costing $1.50 ($2.00 per ton) has pro-
duced $13.50 worth of corn (with corn figured at $1.00 per bushel). 
Surely this may be regarded as a remarkably good investment. 
It is· quite evident, then, that finely ground limestone is not only 
very effective in .neutralizing soil acidity and creating soil condi-
tions favorable to the growth of common farm crops, but that this 
is the most desirable form of limestone material to use because of 
economic considerations alone. Where limestone is not naturally 
present, its addition to the soil in the form of the finely ground 
natural rock is therefore the fundamental basis of the Illinois sys-
tem, and its liberal use is an extremely profitable form of invest-
ment for the farmer to make. 
LIVE-STOCK AND GRAIN SYSTEMS OF FARMING 
There are two well-defined systems of farming. as practiced in 
Illinois. On the live-stock farm all the crops produced are fed and 
the manure returned to the soil. The produce sold from the farm 
is the finished product, such as beef, milk, butter, etc. On the grain 
farm, since only such live stock is kept as is necessary to carry on 
the work of the farm, little or no manure is produced and the farm 
products sold are largely grain and hay. Both of these types of 
fat:ming are legitimate, and are permanent institutions, and are 
absolutely necessary in the highest type of civilization; for, as long 
as man demands bread, milk, butter, and meat in his diet, grain 
and live-stock products must be sold from the farms of the coun-
try. Frequently a combination of the two kinds of farming may 
·actually be more profitable and desirable than either alone. It is 
necessary, however, in either type of farming to provide mean..CJ 
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whereby the fertility may be maintained and crops profitably 
produced. 
In the grain system of farming, limestone must first be added 
. to the soil if it is not already present. This is essential in order 
that favorable soil conditions be provided for the growth of the 
legumes so necessary for maintaining the humus and nitrogen sup-
ply. A rotation of crops should be grown which should include a 
legume; and legume cover crops must be grown in the wheat and 
oats, for the mere growing of the legume in the rotation is not alone 
sufficient. Provision must be made to plow under the legume as 
a green manure or to harvest the legume for seed and plow under 
the chaff. In this manner, with the aid of the nitrogen and or-
ganic matter in the cover crops, the nitrogen and humus of the soil 
may be maintained. Wherever phosphorus is deficient, provision 
should be made to plow under rock phosphate with green manure. 
1n this manner, ample provision may be made on normal soils 
for the maintenance of the soil fertility. Of course the amounts of 
limestone and rock phosphate necessary to add will vary with, and 
depend upon, · the special soil conditions. The following average 
annual yields of crops obtained on the University South Farin at 
Urbana for such soil treatment are typical and serve to illustrate 
the system of strictly grain farming, in which no manure is used: 
RESULTS OF SOIL TREATMENT IN GRAIN SYSTEM OF FARMING 
Yields expressed in bushels per acre 
Treatment Corn Oats Wheat 
bu. bu. bu. 
Residues only ....... ........ ..... 47.2 49.2 27.0 
Residues, limestone, phosphate .... 57.8 56.8 45.1 
Increase for treatment ...... . . . . 10 .6 7 .6 18.1 
Soybean3._ 
bu. · 
16.0 
17.5 
1.5 
The limestone has been applied here at the rate of four tons as 
an initial application and two tons every four year:s ther~after. The 
phosphate has been applied at the rate of one ton per acre every 
four years. 
Altho barnyard manure is an excellent material for maintaining 
the fertility of the soil, there 'is not enough of it produced to alone 
maintain the fertility of the soil. It is perfectly possible for a small 
country like Denmark or for an individual farmer to maintain the 
fertility of the soil by the use of farm manure only. This may be 
done by the purchase and importation of feed from other countries 
or from other farmers; but it must be realized that it is done at 
the expense of the fertility of som-e other country or ·some other 
farm. The dairy cow and beei steer are consumers, and not pro-
ducers, of soil fertility. This is a simple elementary fact, yet it is 
constantly being ignored. When feed is eaten by cattle, two-thirds 
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FIG. 3.-AN ATTEMPT TO GROW CLOVER ON GRAY SILT LOAM, SOIL UNTREATED 
FI6. 4.---CLOVER ON. GRAY SILT LOAM, SOIL FULLY TREATED AS RECOMMENDED IN 
THE ILLINOIS SYSTEM OF PERMANENT SoiL FERTILITY 
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of the organic matter and one-fourth of the nitrogen and phosphorus 
are consumed by the animal body and are not recovered in the 
manure. Any system of soil fertility which assumes to be perma-
nent must provide for this subt~action and, in addition, favorable 
soil conditions must be provided so that legumes, s_o essential as 
feed, may be successfully grown. 
In live-stock farming as in grain farming, limestone is the first 
essential for soil improvement, and for the same reasons. The de-
ficiency of phosphorus in the manure may be conveniently made up 
by the use of raw rock phosphate. Following are given the average 
annual yields of crops obtained under such soil treatment on the 
University South Farm: 
RESULTS OF SOIL TREATMENT IN LIVE-STOCK SYSTEM OF F-4-RMING 
Yields expressed in bushels per acre 
Treatment 
Manure, alone ........ . ......... . 
Manure, limestone, phosphate .... . 
Increase for treatment ......... . 
Corn 
bu. 
54.0 
63.6 
9.6 
Oats 
bu. 
53.3 
57.8 
4.5 
Wheat 
bu. 
28 .9 
47.4 
18.5 
Soybean 
hay 
tons 
1.32 
1.51 
.19 
When the best possible use has been made of all the manure 
which may be produced on the farm, the yield of crops may be still 
further increased by applications of limestone and phosphate as in-
dicated above, even on such rich soil as the brown silt loam of the 
corn belt. An increase of 9.6 bushels of corn or 18.5 bushels of 
wheat is a very profitable result from the use of limestone and 
phosphate in live-stock farming. 
It is entirely evident, therefore, that the fertility of the soil may 
be maintained on a permanent and profitable basis in either type 
of farming. 
USE OF POTASSIUM 
As already indicated, normal soils are well supplied with potas-
sium and the use of potassium on such soils is not only unnecessary 
but unprofitable. This is well illustrated by the results obtained 
on the University North Farm at Urbana as indicated below: 
.APPLICATIONS OF POTASSIUM PRODUCE No BENEFIT ON NORMAL SOILS 
. Yields expressed in bushels per acre 
Treatment Corn Oats Wheat Clover Alfalfa 
bu. bu. bu. tons tons 
Residues, limestone, phosphorus ... 75.4 64.2 42.5 2.16 3.56 
Residues, limestone, phosphorus, 
potassium ...... . ............. 75.6 64.4 41.7 1.64 3.59 
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These average annual acre-yields are typical of a large mass of 
similar evidence for the use of potassium on normal soils in Illinois 
and indicate quite clearly that its use is unnecessary. 
The application of potassium to such abnormal soils as peaty 
soils, on the other hand, is not only very profitable but absolutely 
necessary. This is clearly shown by the results obtained on the 
Momence field, where the yield of corn from 1902 to 1911 varied 
.from 0.1 bushel per acre to 4.6 bushels per acre where the soils had 
been treated with limestone and phosphorus. When, however, po-
tassium in the form of the sulfate was added to the treatment, the 
yield of corn varied from 19.9 bushels to 70.4 bushels per acre. On 
such soils potassium is not only the limiting element of crop pro-
duction but may be used with exceedingly profitable results. 
USE OF FINELY GROUND ROCK PHOSPHATE 
Various forms of phosphorus, such as raw rock, acid phosphate, 
bone meal, and basic slag, are available for use in agriculture. The 
Illinois system makes abundant use of the raw rock phosphate, 
since it is fully as effective and considerably cheaper per unit of 
phosphorus than either of the other forms, thus permitting a greater 
net profit to the farmer from its use where phosphorus is actually 
necessary. . 
When Liebig first became interested in soil problems, about 
eighty years ago, he found that the English were using large quan-
tities of coarsely ground bone, the particles of which were often 
the size of large marbles. He felt that the bones would be more 
effective if they were more finely ground. ''The most easy and 
practical mode of effecting their division is to pour over the bones, 
in a state of fine powder, half their weight of sulfuric acid, diluted 
with three or four parts of water; and after they have been di-
gested for some time to add one hundred parts of water and sprinkle 
this mixture over the field before the plow. In a few seconds the 
free acids unite with the bases contained in the earth and a neutral 
salt is formed in a very fine state of division." This suggestion of 
Liebig was the beginning of the modern acid-phosphate industry; 
and it is interesting to note that Liebig's original idea was to pro-
duce a more available form of phosphorus, not by producing a water-
soluble compound, for he realized fully that this would immediately 
change in the soil back into the old form, but by producing a product 
in an extremely finely divided condition. With the perfection of 
modern high-power machinery, a finely divided product may now 
be most conveniently and cheaply obtained by finely grinding the 
raw product. 
Fortunately, also, the experimental work of many of the older 
experiment stations, such as Maryland, Massachusetts, Maine, Penn-
sylvania, and Ohio, showed that finely ground raw rock phosphate 
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could be used with considerable profit. The yields obtained at Ohio 
are interesting in this connection. 
OHio ExPERIMENTs: YIELDS oF CoRN, WHEAT, AND HAY 
Average for the 18-year period 1897-1915 
Treatment Corn Wheat Hay 
bu. bu. lhs. 
Unmanuted...... .... . ........... 34.77 11.76 2,536 
Manure alone.......... . .. ....... 56.11 21.37 3,668 
Manure, raw rock phosphate. ..... . 65.07 25.70 4,561 
Manure, acid phosphate......... .. 65.36 26.81 4,555 
Manure, gypsum . . . . . . . . . . . . . . . . . 61.05 24.30 3,897 
Even from a casual observation it is quite evident that the vari-
ous treatments have been effective in increasing crop yields. The 
manure alone has been very effective, but further increases have 
also been obtained when the manure has been reinforced with either 
acid phosphate, raw rock phosphate, or even gypsum. This is clearly 
brought out by subtracting the average yield of the untreated plots 
from the yield obtained by manure alone and by manure reinforced 
with the various materials, as indicated below : 
I ncrease produced by-
Manure alone ............................ . 
Raw rock phosphate in addition to manure .. . 
Acid phosphate in addition to manure . .. ... . 
Gypsum in addition to manure ..... . .. . . . . . 
Corn 
bu. 
21.37 
8.96 
9.25 
4.94 
Wheat 
bu. 
9.61 
4.33 
5.44 
2.93 
Hay 
lbs. 
1,132 
893 
887 
229 
It is quite evident that both forms of phosphorus have been 
effective in producing increased crop yields. Gypsulll also has pro-
duced some increase, and this cannot be ignored. Since acid phos-
phate consists of two main substances-monocalcium phosphate and 
gypsum,-part of the effect of acid phosphate on the production of 
crops on this soil must be due to the gypsum present in it; Since 
there is one-half as much gypsum where the acid phosphate was 
applied as where gypsum was used alone, and assuming that its 
effect on crop production might be in proportion to the amount 
applied, the influence of the ·gypsum may be calculated as follows: 
Increase due to-
Phosphorus in acid phosphate ........ . 
Gypsum in acid phosphate . ... ... ... . . 
Corn 
bu. 
6.78 
2.47 
Wheat 
bu. 
3.98 
1.46 
Hay 
lhs. 
773 
114 
Since the raw rock phosphate has produced practically the same 
results as the acid phosphate consisting of phosphorus and sulfur, 
it is quite evident that the raw rock is the cheapest and most eco-
nomical form of phosphorus for the production of our common 
farm crops. 
, 
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These facts may be further emphasized by calculating the value 
of the increase for the various treatments. If corn is worth $1.50 
p-er bushel, wheat $2.00 per bushel, and hay $15.00 per ton, the 
following results will be obtained: 
Omo EXPERIMENTS: VALUE OF INCREASE PRODUCED BY VARIOUS 
TREATMENTS 
Cost Net Net Return 
Treatment of Corn Wheat Hay Total value annual per treat- value of acre dollar 
ment return value invested 
M--a-nur_e_a-lo_n_e_. -.. -.-. -.. -.+.-.-. -.. -. $32.01 t19.22 $8.50$59.73-- $19.91 ....... .. 
Raw rock............ $1.60 13.44 8.66 6.70 28.80$27.20 9.07 $17.98 
Acid phosphate. . . . . . . 2.24 13.87 10.88 6.65 31.30 29.06 9.69 13.92 
Gypsum... . ... .. .... .66 7.41 5.86 1.70 14.97 14.31 4.77 22.68 
Phosphorus in acid 
phosphate ........ . 1.91 10.17 7.96 5.95 23.98 22.07 7.36 12.55 
Largely because of such facts as the above, raw rock phosphate 
has been adopted in the Illinois system as the standard carrier of 
phosphorus. The abundant evidence now available from the various 
experiment fields, as already indicated, justifies fully this recom-
mendation. 
USE OF CROP STIMULANTS 
If a system is to be permanent, the materials removed from the 
soil must be returned, at least in the proportion in which they are re-
moved by natural processes, including the amount removed by the 
crop and the amount lost in the drainage water. This would seem 
to be such a simple axiomatic truth that it need not be dwelt on; 
however, it is a point which must be emphasized again and again. 
The use, therefore, of two or three hundred pounds of an ordinary 
mixed commercial fertilizer such as a 2-10-2 grade, which adds 
only five or six pounds of nitrogen, must act purely as a crop stimu-
lant. For, if increased crops are obtained by its use, they can be 
obtained only at the expense of the nitrogen already in the soil, 
since the requirement for a hundred-bushel crop of corn is 100 
pounds of nitrogen. The Illinois system of permanent soil fertility, 
therefore, condemns in unmeasured terms the use of such crop 
.stimUlants, among which. must be classified ordinary mixed com-
mercial fertilizers and gypsum. 
The Illinois system of soil fertility is both permanent and profit-
able. It is permanent because it provides for the return to the soil 
of those elements of plant food which are likely to become deficient 
in proportion to, or in excess of, their removal by natural processes 
including the amount removed in the crop and their loss in the 
drainage water. It is profitable because it makes abundant use of 
cheap, natural, raw products, such as legume nitrogen, and of :finely 
ground materials, such as raw rock phosphate and natural limestone. 
